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Objectives: This study aims to find the effect of onion's extraction on the colorectal cancer 
with hyperlipidemia. 

Method: We established a hyperlipidemia-subcutaneously heterotopic colorectal cancer ortho- 
topic transplant model and fed mice a high fat diet and performing transplantation. Animal 
models were treated with capecitabine and/or simvastatin and low-, middle-, high- dose of 
onion's extraction and both tumor growth rate and blood lipid levels were monitored. 
Results: We found that colorectal cancer in onion's extraction groups was significantly inhib- 
ited, and the effect of high dose of onion's extraction was equivalent to capecitabine. Onion's 
extraction effectively decreased levels of apoB and TC. 

Conclusion: Our study established a hyperlipidemia colon tumor model involving subcu- 
taneous colon translocation and orthotopic transplantation, this model was an ideal research 
model for mutual influence of hyperlipidemia and colorectal cancer. Onion's extraction could 
inhibit the proliferation of colorectal cancer; the function of the high-dose of onion's extrac- 
tion was fairly to capecitabine, which provided a new direction in protecting and treating 
colorectal cancer. 

Keywords: colorectal cancer, hyperlipidemia, onion flavonoids, capecitabine, simvastatin 

Introduction 

Onion (Allium cepa L.) has been used for centuries for its pungency, flavoring 
value, and medicinal properties. The bulb of onion is used medicinally, and has 
been consumed as seasoning food for many centuries. Phytochemical research has 
proved that onion is rich in flavonols and organosulfur compounds, which have 
exhibited tumor- inhibitory properties in laboratory studies. 1 Galeone et al 2 used 
data from an integrated network of Italian and Swiss case-control studies to analyze 
the relation between frequency of onion and garlic use and cancer at several sites. 
They found that consumption of onions varied between 0-14 and 0-22 portions/ 
week among cases and controls, respectively. The multivariate odds ratios for the 
highest category of onion and garlic intake were, respectively, 0.16 and 0.61 for 
cancer of the oral cavity and pharynx, 0.12 and 0.43 for esophageal cancer, 0.44 
and 0.74 for colorectal cancer, 0.17 and 0.56 for laryngeal cancer, 0.75 and 0.90 
for breast cancer, 0.27 and 0.78 for ovarian cancer, 0.29 and 0.81 for prostate 
cancer, and 0.62 and 0.69 for renal cell cancer. They concluded that there is an 
inverse association between the frequency of use of allium vegetables and the risk 
of several common cancers. Other epidemiological investigation indicates that 
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onion plays a role in preventing gastric, colorectal, and 
prostatic cancers. 3 Though onion flavonoids may play a 
role in preventing colorectal neoplasm, there is not enough 
evidence to support this conclusion. 4 Our previous study 
also demonstrated that flavonoids inhibit the proliferation 
of LoVo cells, SW480 cells, HT-29 cells, and HCT-8 cells 
in a time- and concentration-dependent manner. 5 

Studies have showed that hyperlipidemia is associated 
with colorectal adenomas. 6 - 7 Can onion prevent colorec- 
tal cancer as well as alleviate hyperlipidemia? Lee et al 8 
reported that food containing flavonoids can decrease the 
incidence of cardiovascular disease and metabolic disease 
in male smokers, and Movahedian et al 9 suggested that 
onion alleviates hypercholesterolemia in rabbits. How- 
ever, little research has been done on the role of onion in 
colorectal cancer, especially under conditions of abnormal 
lipid metabolism. 

In this study, hyperlipidemic subcutaneous heterotopic 
colorectal cancer fluorescent orthotopic transplant mice 
were treated with aqueous-extracted onion flavonoids. Tumor 
growth and the effect of flavonoids on hyperlipidemia were 
observed. The role of onion extract in hyperlipidemic colo- 
rectal cancer was confirmed and results of this research 
provide a foundation for clinical research. 

Materials and methods 

Animals 

Specific pathogen-free BALB/C nu/nu mice ranging in mass 
from 20 to 22 g and aged from 4 to 6 weeks were provided by 
The Experimental Animal Center, Yangzhou University. All 
animal experiments were approved by the Ethics Committee 
of Experimental Animals. 

Preparation of fat emulsion 

The fat emulsion was prepared as follows: 20 g lard 5 g 
cholesterol, and 10 g Tween 80 was dissolved in 50 mL 
water. Mice were intragastrically administered 1 mL/10 g 
of the emulsion each day. 

Detection of blood lipid levels 

All detection reagents for total cholesterol (TC), triglyceride 
(TG), high-density lipoprotein (HDL), and low-density lipo- 
protein (LDL) were obtained from Biosino Bio-Technology 
and Scientific (Beijing, People's Republic of China). The 
reagent to detect lipoprotein(a) (Lpa) was purchased from 
Ausbio (Yantai, People's Republic of China). Reagents for 
apolipoprotein A (apoA) and apoB were obtained from 



Shanghai Source Leaf Biological Technology (Shanghai, 
People's Republic of China). 

Extraction and detection of onion 
flavonoids 

As described previously, 5 onion flavonoids were 
extracted using an aqueous extraction method and further 
concentrated. 

Establishment of the hyperlipidemia 
model 

A total of 100 nude mice were randomly divided into 
ten groups (n=10 in each group), and body weight was 
comparable in all groups (P>0.05). Eight groups were 
randomly selected to receive a high-fat diet, and the other 
two groups received normal diets (control groups). The 
high-fat diet groups were intragastrically administered 
fat emulsions based on their weights. Four weeks later, 
one of the high-fat diet groups and one of the normal diet 
groups were randomly selected as an experimental group, 
and the other control groups were used to establish the 
model. Blood was collected from the eyes after fasting for 
12 hours. The blood was centrifuged at 3,500-4,000 rpm 
for 10 minutes. TC and TG levels were detected using 
enzymatic methods, and HDL, LDL, and Lpa were directly 
measured. ApoA and apoB were detected using an enzyme- 
linked immunosorbent assay. The normal value of lipid was 
defined as the 95% confidence interval of the lipid value 
in the normal diet group. When the TC, TG, or LDL was 
higher than the normal value, the mice were diagnosed as 
hyperlipidemic. 10 

Establishment of the hyperlipidemia 
subcutaneous heterotopic colorectal 
cancer fluorescent orthotopic 
transplant model 

As previously described 11 the mice in the remaining two 
groups were used to establish the subcutaneous heterotopic 
colorectal cancer fluorescent orthotopic transplant model. 
Fluorescent tumors could be seen by the tenth day after 
transplant under a fluorescent light. Tumor volumes were 
calculated and the mice in the high- fat diet groups continued 
to receive the intragastric fat emulsion. Tumor volumes and 
growth rates were obtained as follows: volume (mm 3 ) =Viab 2 
(a, major axis; b, minor axis), and growth rate = (measured 
volume at each time point - beginning volume)/beginning 
volume. 
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Experimental groups 

Tumors in all groups were detectable within 2 weeks after 
tumor-tissue transplant, when the tumor size was initially 
measured. The mice in the standard diet with capecitabine 
(SDT-CAP) group were intragastrically administered 
capecitabine (Xeloda; Roche, Basel, Switzerland) at a dose 
of 359 mg/kg/day for 5 consecutive days. 12 The mice in the 
high-fat diet group were randomly divided into seven groups: 
fat food with saline (FAT-SAL), fat food with capecitabine 
(FAT-CAP), fat food with simvastatin (FAT-SIM), FAT-SIM 
and capecitabine (FAT-SIM+CAP), fat diet and low-dose onion 
flavonoids (FAT-ONION-L), fat diet and middle-dose onion fla- 
vonoids (FAT-ONION-M), and fat diet and high-dose onion 
flavonoids (FAT-ONION-H). Mice in FAT-SAL were intra- 
gastrically administered saline at a dose of 359 mg/kg/day. 
The mice in the FAT-CAP group intragastrically received 
capecitabine (359 mg/kg/day). Mice in the FAT-SIM group 
were treated with simvastatin at a dose of 6.6 mg/kg/day 13 
intragastrically. Mice in FAT-SIM+CAP received intragastric 
capecitabine and simvastatin at doses of 359 mg/kg/day and 
6.6 mg/kg/day, respectively. Mice in the FAT-ONION-L, FAT- 
ONION-M, and FAT-ONION-H groups were treated with low, 
middle, and high doses of onion flavonoids, respectively. The 
mice were treated with drugs for 3 weeks. Two weeks later, 
the mice were fasted for 12 hours before collecting blood from 
their eyes. Serum was obtained using centrifugation. The mice 
were killed, and their tumors were harvested. The experimental 
groups are shown in Table 1 . 

Statistical analysis 

Data were processed with SPSS 17.0 (IBM, Armonk, NY, 
USA), and quantitative data were expressed as means ± standard 
deviation; Wests were also applied when appropriate. Repeated- 
measure data such as tumor volume and tumor-increase rate 
were evaluated with a general linear model. 



Table 2 Blood lipid level 


in normal diet 


and high-fat diet groups 


Lipid 


iiui 1 1 lai uici 


High-fat diet group (n= 


I n\ 






group (normal 
value n=IO) 


Mean ± SD 


High 


Normal 


Low 


TC 


L.I DUKJ.Aj 


3.21 ±0.51 


Q 

7 


1 


0 


TG 


l.50±0.47 


I.S2±0.3S 


0 


9 


1 


HDL 


1 .73+0. 1 1 


2.I9±0.32 


7 


3 


0 


LDL 


O.I9±0.02 


0.21 ±0.07 


6 


2 


2 


Lpa 


I65.30±27.20 


1 70.50±24.70 


2 


8 


0 


apoA 


729. 17±I43.I7 


1 086. 14± 144.68 


8 


2 


0 


apoB 


280.98±S8.9S 


357.70±95.83 


4 


6 


0 



Abbreviations: TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; Lpa, lipoprotein (a); apoA, apolipoprotein A; SD, standard 
deviation. 

Results 

Detection of blood lipids in normal diet 
and high -fat diet groups 

In Table 2, the normal value of blood lipid is summarized 
in the left column. Compared with the normal value, in the 
high-fat diet group, there were five of ten animals with high 
TC and LDL, four with high TC, and one with high LDL. 
There was no animal with high TG. According to the hyper- 
lipidemia diagnostic criteria, all animals were diagnosed as 
hyperlipidemic. The values of HDL, Lpa, apoA, and apoB 
are summarized in Table 2. 

Comparison of tumor volume 
and growth rate between normal 
diet and high-fat diet groups 

Mice in the FAT-SAL group had the fastest tumor-growth rate, 
and this rate was significantly faster than the tumor-growth 
rate in other groups, except the FAT-SIM group, which meant 
the negative control with the highest tumor-growth rate and 
simvastatin did not influence the growth of tumors. 

Tumor volume in the FAT-ONION groups was lower than 
that in the FAT-SAL and FAT-SIM, groups and the difference 



Table 1 Experimental groups (n= 


=80) 








Group 


n 


Experimental compounds 


Dosage per 


Administration 


Method of 








day (mg/kg) 


time (weeks) 


administration 


SDT-CAP 


10 


Capecitabine 


359 


3 


IG 


FAT-SAL 


10 


Saline 


359 


3 


IG 


FAT-CAP 


10 


Capecitabine 


359 


3 


IG 


FAT-SIM 


10 


Simvastatin 


6.6 


3 


IG 


FAT-SIM+CAP 


10 


Capecitabine + simvastatin 


359+6.6 


3 


IG 


FAT-ONION-L 


10 


Onion flavonoids (low dose) 


100 


3 


IG 


FAT-ONION-M 


10 


Onion flavonoids (middle dose) 


200 


3 


IG 


FAT-ONION-H 


10 


Onion flavonoids (high dose) 


300 


3 


IG 



Abbreviation: IG, intragastric; SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with 
simvastatin; FAT-SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose 
onion flavonoids; FAT-ONION-H, fat diet and high-dose onion flavonoids. 
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Table 3 Tumor volume in each group (mm 3 ) 



Group 


0 


Week 1 


Week 2 


Week 3 


Week 4 


Week 5 


SDT-CAP 


ftc. 4A+lft 9? 


1 "37 AfH-ft9 ^7 

1 J 1 .OUlui.J / 


9^7 3f»+lftA c.4 


47ft ^+^04 


£CO 70+440 -) I 


ft"?^ ^n+T7n Aft 

OiJ.JU±J / U.DO 


FAT-SAL 


85 29+7 1 1 


400 ft°.+ l 39 9^ 




1 0^7 9^+^ 1 9 40 


1 iq I 7Q+Q I 0 07 

1 , J 7 1 . / 7IO I0.7/ 


1 ftftQ 07+ft^n 9A 
1 ,00 7. U / XOjU.70 


FAT-CAP 


84.78± 15.30 


121.75+71.93 


208.49± 187.02 


253.I2±252.49 


307.53±337.59 


379.40±360.07 


FAT-SIM 


86.52±26.59 


355.22±I98.I6 


549.85±330.90 


758.71 ±442. 13 


l,096.64±448.92 


l,649.23±597.89 


FAT-SIM+CAP 


83.8I±I9.89 


82.28±77.08 


141.04+155.33 


238.48±2 16.99 


32l.96±237.67 


449.24±30l.65 


FAT-ONION-L 


87.88±29.7I 


246.86± 164.79 


46l.39±25l.24 


647.71 ±260.31 


835.57±249.I9 


l,05l.25±204.67 


FAT-ONION-M 


86.47±29.4I 


I67.75±94.80 


387.38±205.42 


573.37±326.29 


83l.65±425.64 


96I.I9±555.97 


FAT-ONION-H 


84.02±2 1.14 


I33.67±48.46 


234.22± 106.98 


373. 14± 16 1.78 


554. 18±25 1.36 


622.95±353.23 



Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 



was significant (P<0.05), which implied that onion flavonoids 
can inhibit tumor growth. Tumor-growth rate in the FAT- 
ONION-L and FAT-ONION-M groups was higher than that 
in other groups and FAT-ONION-H was lower than in other 
groups, but the difference was not statistically significant 
(P>0.05). The tumor growth rates in FAT-ONION-H group 
were as low as those in FAT-CAP, FAT-SIM+CAP and SDT- 
CAP groups, which meant that in this study, the FAT-ONION-H 
has a similar antitumor effect compared to capecitabine 
(Tables 3, 4 and Figure 1 ). All growth rates were in accordance 
with tumor volumes (Tables 5, 6 and Figure 2). 

Comparison of tumor weights between 
normal diet and high-fat diet groups 

After 5 weeks, the mice were killed, and tumors were har- 
vested and weighed. Tumor weight showed the same tendency 
as tumor volume and tumor-growth rate. The FAT-SAL and 
FAT-SIM groups had the highest tumor weight of all the 
groups. Among other groups, except for the FAT-SAL and 
FAT-SIM groups, the tumor weight was not statistically 
significant (P>0.05). All data are shown in Table 7 and 
Figure 3. 



Detection of blood lipids 

Three weeks after treatment, TC increased in the FAT- 
SAL group, while TC was decreased in the other seven 
groups. This decrease was most pronounced for mice in 
the FAT-SIM+CAP group. The TC level in all these groups 
decreased by week 5, except in the FAT-ONION-M and 
FAT-ONION-H groups. Moreover, LDL significantly 
increased in SDT-CAP, FAT-SAL, and FAT-CAP, and 
decreased in FAT-SIM, FAT-SIM+CAP, FAT-ONION-L, 
FAT-ONION-M, and FAT-ONION-H. However, blood lipid 
levels in the FAT-SIM, FAT-ONION-L, FAT-ONION-M, 
and FAT-ONION-H groups at week 5 were higher than 
those in week 3. TG, Lpa and apoA levels in these groups 
decreased by weeks 3 and 5. The HDL and apoB levels in 
the FAT-ONION-L, FAT-ONION-M, and FAT-ONION-H 
groups decreased at week 3 and were increased at 
week 5. TC, HDL, and apoB levels in FAT-ONION-L, 
FAT-ONION-M, and FAT-ONION-H were remarkably 
lower than in FAT- SAL at the beginning and week 3. 
Furthermore, TG levels in FAT-SAL, FAT-CAP, and FAT- 
SIM markedly increased at week 5. All data are shown in 
Table 8. 



Table 4 Comparison of tumor volume among these groups with general linear model (P-value) 



Group SDT-CAP FAT-SAL FAT-CAP FAT-SIM FAT- FAT- FAT- 

SIM+CAP ONION-L ONION-M 



FAT-SAL 


0.001 








FAT-CAP 


0.626 


0.000 






FAT-SIM 


0.014 


0.989 


0.000 




FAT-SIM+CAP 


0.613 


0.000 


1.000 


0.000 


FAT-ONION-L 


0.989 


0.008 


0.168 


0.004 0.151 


FAT-ONION-M 


0.999 


0.004 


0.280 


0.002 0.260 1 .000 


FAT-ONION-H 


0.995 


0.000 


0.948 


0.001 0.949 0.733 0.877 


Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with sal 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low- 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 


ine; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
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Table 5 Tumor growth rate in each group 



Group 


Week 1 


Week 2 


Week 3 


Week 4 


Week 5 


ju 1 -Lnr 


n co+n 7Z 


1 QC+I Q"3 
1 .70+ 1 .OJ 


A "374-T 7 1 
n.J/+Z./ 1 


L AC+"3 Cft 
O.^O+J.jU 


7 ~TAA-~i ~IA 


FAT-SAL 


"3 7Z+ 1 TO 
J./ Dl 1 .Z7 


7 nQ-t-3 C\A 


1 1 T 1 4-A Qt\ 

I I .z I ± 1 +.oU 




1 Q ZC+Q 7Q 
1 7.0D+O./ 7 


FAT-CAP 


0.43±0.78 


1 .4 1 ±2.08 


l.96±3.0l 


2. 1 9±3.03 


3.05±3.26 


FAT-SIM 


3.78±3.92 


S.97±S.S6 


8.51 ±6.82 


12.91 ±7.95 


I7.90±7.49 


FAT-SI M+CAP 


-0.07±0.80 


0.S3±I.30 


1.66+1.84 


2.89±2.59 


4.41 ±3.1 1 


FAT-ONION-L 


1 .58+1 .06 


4.04±l.78 


6.45±l.76 


I0.84±4.33 


I2.83±4.38 


FAT-ONION-M 


0.98±0.94 


3.67±2.42 


5.71 ±4.30 


9.42±7.07 


I4.35± 12.24 


FAT-ONION-H 


0.66±0.68 


[.93+1.45 


3.69±2.I7 


6.58±3.79 


7.45±4.78 



Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 



Tumor volume after treatment 



3,000 



-+- SDT-CAP 
-»- FAT-SAL 
FAT-CAP 
FAT-SIM 
-*- FAT-SIM+CAP 
-- FAT-ONION-L 
-+- FAT-ONION-M 
, — FAT-ONION-H 

W1 W2 W3 W4 

Time after treatment 

Figure I Tumor volume after treatment. Mice in the FAT-SAL group had the fastest tumor-growth rate, and this rate was significantly faster than the tumor-growth rate 
in other groups except the FAT-SIM group. Additional analysis showed that the tumor-growth rates in mice in the FAT-SIM group, while markedly lower than those in the 
FAT-SAL group, was higher than those in the SDT-CAP, FAT-CAP, FAT-SIM, FAT-SIM+CAP, FAT-ONION-L, FAT-ONION-M, and FAT-ONION-H groups. The tumor- 
growth rates in the SDT-CAP group were lower than those in the FAT-ONION-L and FAT-ONION-M groups and higher than those in the FAT-CAP, FAT-SIM+CAP, and 
FAT-ONION-H groups (P>0.05). Tumors in mice in the FAT-SIM+CAP group displayed the slowest growth rate; this growth rate was slightly lower than the growth rate in 
the FAT-ONION-H and FAT-CAP groups (P>0.05), and remarkably lower than that in the FAT-ONION-L and FAT-ONION-M groups (P<0.05). No significant difference 
was observed among the FAT-ONION-L, FAT-ONION-M, and FAT-ONION-H groups. However, the fastest and slowest growth rates were present in the FAT-ONION-L 
group and FAT-ONION-H group, respectively. 

Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids; W, week. 




Table 6 Comparison of growth rate (P-value) 



Group 


SDT-CAP 


FAT-SAL 


FAT-CAP 


FAT-SIM 


FAT- 
SIM+CAP 


FAT- FAT- 
ONION-L ONION-M 


FAT-SAL 


0.002 












FAT-CAP 


0.734 


0.000 










FAT-SIM 


0.00 1 9 


0.998 


0.000 








FAT-SIM+CAP 


0.829 


0.000 


1. 000 


0.000 






FAT-ONION-L 


0.778 


0.1 06 


0.053 


0.334 


0.070 




FAT-ONION-M 


0.957 


0.035 


0.1 50 


0.1 40 


0.1 96 


1. 000 


FAT-ONION-H 


1. 000 


0.00 1 


0.707 


0.030 


0.808 


0.736 0.944 



Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 
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Table 7 Comparison of tumor weight 



Group 


Weight (s) 


FAT-SAL 


FAT-CAP 


FAT-SIM 


FAT- 
SIM+CAP 


FAT- 
ONION-L 


FAT- 
ONION-M 


FAT- 
ONION-H 


SDT-CAP 




0.024 


0.01 1 


0.395 


0.047 


0.686 


0.224 


0.123 


FAT-SAL 


1 cq+n 74 




0.000 


0.154 


0.000 


0.008 


0.000 


0.000 


FAT-CAP 


0.39±0.27 






0.001 


0.528 


0.031 


0.124 


0.375 


FAT-SIM 


l.24±0.S3 








0.005 


0.212 


0.037 


0.021 


FAT-SIM+CAP 


O.S4±0.30 










0.1 12 


0.367 


0.753 


FAT-ONION-L 


0.93±0.I5 












0.429 


0.243 


FAT-ONION-M 


0.74±0.47 














0.618 


FAT-ONION-H 


0.62±0.I4 

















Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 



Discussion 

Hyperlipidemia is a common accompanying condition in 
patients with colorectal cancer, and it is a risk factor that 
may be associated with death in this population of cancer 
patients. 1415 The effect of hyperlipidemia on colorectal can- 
cer has mainly been based on clinical observations. Hata 
et al established a metabolically aberrant transgenic mouse 
C57BL/KsJ-db/db-Apc (Min/+) (db/db-Min/+). 16 They found 
that the occurrence of gastrointestinal tract adenomas in these 
transgenic mice was markedly higher than in adenomatous 
polyposis coli-deficient mice 15 weeks later. These findings 
indicate that hyperlipidemia can promote the occurrence of 
colorectal cancer. However, transgenic mice are difficult to 
obtain, and mouse polyp biology and reactivity differs from 



that of human polyps. Previous studies have investigated 
drugs used to treat abnormal lipid metabolism in hyperlipi- 
demia in rats and mice. 17 Based on these studies, nude mice 
were fed a high-fat diet. Four weeks later, all ten mice were 
diagnosed as hyperlipidemic according to the hyperlipidemia 
criteria. These findings suggest that the hyperlipidemia model 
can be established by feeding nude mice a high-fat diet. As 
previously described" the subcutaneous heterotopic colo- 
rectal cancer fluorescent orthotopic transplant model was 
established on the basis of hyperlipidemia in nude mice. The 
hyperlipidemia subcutaneous heterotopic colorectal cancer 
orthotopic transplant model was used in nude mice, and these 
mice presented with tumors; these results are in agreement 
with the previous study. 1 1 



Tumor growth rate curves 
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Figure 2 Tumor growth-rate curves. Tumor growth-rate curves are similar to tumor-proliferation curves. 

Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids; W, week. 
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Statins have been used to treat hyperlipidemia. Previous 
studies have also shown that statins play a role in preventing 
colorectal cancer. 18 ~ 20 Recently, the underlying mechanisms 
by which statins inhibit colorectal cancer have been further 
investigated. 13 - 21 Capecitabine was found to cause hyperlipi- 
demia during chemotherapy in colorectal cancer, and thus 
application of antilipemic agents may elevate the effect of 
chemotherapy on colorectal cancer. 22 ~ 24 Shimoyama deemed 
that statins may play a role in enhancing targeted drug effects 
during the treatment of colorectal cancer through decreasing 
the lipid level. 25 

In our study, the FAT-SIM group showed a similar growth 
rate to FAT-SAL, which meant that the simvastatin did not 
show any anticancer effect on colorectal cancer. The FAT- 
SIM+CAP group showed a similar growth rate to the FAT- 
CAP group, which meant that the simvastatin did not have 
an enhancement effect on capecitabine. The reason may be 
that the duration of simvastatin use was too short to show a 
preventive effect on colorectal cancer. 

In this study, the tumor-growth rates in FAT-ONION-L, 
FAT-ONION-M, and FAT-ONION-H were significantly 
lower than in FAT-SAL and FAT-SIM and higher than in 
SDT-CAP. These findings indicate that the role of onion 
flavonoids in hyperlipidemic colorectal cancer is similar to 
the role of capecitabine in normal colorectal cancer. The 



tumor-growth rates in FAT-CAP and FAT-SIM+CAP were 
markedly lower than in FAT-ONION-L and FAT-ONION-M. 
However, no significant difference was observed between 
FAT-ONION-H and FAT-CAP. The data suggested that 
the effect of high-dose onion flavonoids on inhibiting the 
tumor-growth rate was similar to that of capecitabine, and 
that they both play a role in the treatment of hyperlipidemic 
colorectal cancer. 

Onion flavonoids dose-dependently inhibit tumor growth. 
The growth rate in FAT-ONION-L was remarkably lower than 
that in the FAT-ONION-H group. No significant difference 
was observed between FAT-ONION-M and FAT-ONION-H. 
It has been reported that onion flavonoids inhibit colorectal 
cancer cells in vitro. 5 - 26,27 Our study demonstrated that onion 
flavonoids also markedly inhibit colorectal cancer in vivo. 
The effect of high-dose onion flavonoids is similar to that of 
capecitabine. Onion flavonoids are abundantly available in 
raw materials, are convenient to extract, and have no toxic 
side effects. The cancer-suppressive mechanism is further 
clarified based on these findings, and our results provide new 
perspective and direction for the prevention and treatment 
of colorectal cancer. 

TG and Lpa levels were significantly decreased in these 
eight groups in week 3 . This may be associated with the con- 
sumption of nutrients during tumor proliferation. However, 



Tumor weight after sacrifice 



□ SDT-CAP 
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□ FAT-ONION-L 
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Figure 3 Tumor weight after death. Tumors in the FAT-SAL group showed the most growth, and the growth rate in the FAT- SAL group was significantly faster than that 
in the SDT-CAP, FAT-CAP, FAT-SIM+CAP, FAT-ONION-L, FAT-ONION-M, and FAT-ONION-H groups. No significant difference was observed between the FAT-SIM 
group and the FAT-SAL group. The growth rate in the FAT-SIM group was only slightly higher than that in the SDT-CAP and FAT-ONION-L groups, but markedly higher 
than that in the FAT-CAP, FAT-SIM+CAP, FAT-ONION-M, and FAT-ONION-H groups. The lightest tumor weight was in the FAT-CAP group, and the tumor weight in the 
FAT-CAP group was lower than that in the FAT-ONION-L (P-C0.05), FAT-SIM+CAP (P>0.05), FAT-ONION-M (P>0.05), and FAT-ONION-H (P>0.05) groups. Among 
the FAT-ONION-L, FAT-ONION-M, and FAT-ONION-H groups, mice in FAT-ONION-L presented the maximum tumor weight, and mice in FAT-ONION-H showed the 
lightest tumor weight. However, no significant difference was observed among these three groups. 

Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; 
FAT-ONION-H, fat diet and high-dose onion flavonoids. 
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Table 8 Detection of blood lipid levels 3 and 5 weeks after treatment (week 3 [W3], n=3 x 5; week 5 [W5], n=7 X 5) 



SDT-CAP 



FAT-SAL 



FAT-CAP 



FAT-SIM 



FAT- 
SI M+CAP 



FAT- 
ONION-L 



FAT- 

ONION-M 



FAT- 

ONION-H 



TC 
W3 
W5 

TG 
W3 
W5 

HDL 
W3 
W5 

LDL 
W3 
W5 

Lpa 
W3 
W5 

apoA 
W3 
W5 

apoB 
W3 
W5 



2.I0±0.23 
2.65±l.37 

0.77±0.08 
0.86±0.4S 

1.42+0.33 
1 .87+1. 13 

0.39±0.I2 
0.35±0.I2 

101 .00+14.42 
1 2 1 .83+1 2.73 



3.80±0.42 
2.74±l.68 

0.35±0.I2 
0.73±0.I4 

2.20±0.30 
1 .7310.85 

0.47±0.24 
0.42±0.I6 

I03.00±5S.IS 
80.S713S.I2 



1, 1 4 1. 4 1 ±462.88 455.59151.3 1 
956.561701.93 555.541654.82 



475.8411 18.90 
284.781261.57 



317.4010.00 
218.541236.51 



2.7611.77 
2.4411.24 

0.4910.04 
0.6910.10 

1 .5010.92 
1 .5510.89 

0.4410.24 
0.3010.13 

132.00112.12 
93.83132.98 

433.13147.87 
431.911276.72 

350.02164.95 
227.551165.64 



2.9410.68 
2.5711.06 

0.4010.07 
0.6610.15 

1 .7410.60 
1 .6710.93 

0.3710.20 
0.3710.08 

94.0011 1.27 
102.00127.95 

419.31167.97 
427.491386.70 

317.40+12. 1 1 
365.37182.10 



1 .3910.88 
2.5711.09 

0.4410.13 
0.6010.12 

1 .0010.52 
1 .5410.78 

0.2010.15 
0.3610.12 

81.0019.90 
102.0019.94 

844.281190.56 
397.63187.95 

327.891222.42 
432.32189.97 



1.4511. 15 
2.5511.26 

0.6310.53 
0.6810.20 

0.8410.73 
2.2711.41 

0.2110.1 I 
0.6710.30 

I 17.6717.57 
82.50130.98 

519.511138.03 
362.16197.23 

221.87152.46 
341.28165.49 



2.2611.30 
5.2711.17 

0.4710.20 
1.1210.39 

1. 3811. 1 7 
3.3811.04 

0.2110.10 
0.6210.18 

106.6712.52 
79.67118.03 

374.401213.01 
371.491215.03 

238.18146.54 
476.721139.37 



1 .4710.66 
3.8312.80 

0.4110.22 
0.6610.39 

0.9510.53 
2.3511.86 

0.2810.03 
0.4710.23 

95.3319.07 
81.00123.48 

1 39.46184.84 
279.231145.43 

124.01156.93 
419.50132.37 



Abbreviations: SDT-CAP, standard diet with capecitabine; FAT-SAL, fat food with saline; FAT-CAP, fat food with capecitabine; FAT-SIM, fat food with simvastatin; FAT- 
SIM+CAP, fat food with simvastatin and capecitabine; FAT-ONION-L, fat diet and low-dose onion flavonoids; FAT-ONION-M, fat diet and middle-dose onion flavonoids; FAT- 
ONION-H, fat diet and high-dose onion flavonoids; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Lpa, lipoprotein(a); 
apoA, apolipoprotein A. 



TG levels in FAT-SAL, FAT-CAP, and FAT-SIM+CAP in 
week 5 were markedly higher than week 3. These findings 
indicate that continuous tumor proliferation may gradually 
increase TG level. These mice were observed for a short 
time and fed a high-fat diet; therefore, this finding could be 
further confirmed by excluding the high-fat diet condition. 
Although it has been reported that abnormal metabolism 
correlated with the occurrence of colorectal cancer, the 
causality needs to be clarified. 28-30 Also, during 3 weeks 
of capecitabine administration, hypertriglyceridemia was 
not induced by capecitabine in SDT-CAP or FAT-CAP, as 
described previously. 15,22-24 This may relate to the short 
administration time and limited observation time. 

Onion plays a role in decreasing blood fat and protect- 
ing heart and blood vessels. 3132 In our study, the LDL level 
significantly increased in SDT-CAP, FAT-SAL, and FAT-CAP, 
and decreased in FAT-SIM, FAT-SIM+CAP, FAT-ONION-L, 
FAT-ONION-M, and FAT-ONION-H. This indicates that 
both simvastatin and onion flavonoids play a role in regu- 
lating LDL level. TC and apoB levels in FAT-ONION-L, 
FAT-ONION-M, and FAT-ONION-H were markedly lower 
than in FAT-SAL at the beginning and at week 3. The data 
showed that onion flavonoids can decrease the blood lipid 
level of animals with abnormal lipid metabolism. Notably, 



onion flavonoids decrease apoB levels and apoB located on 
the surface of LDL. Additionally, LDL is generated from 
very LDL, and contains 50% endogenous cholesterol, 5% 
TG, 20% protein, and 25% phospholipid. Cells recognize 
and absorb LDL by distinguishing apoB. Therefore, increased 
apoB elevates LDL andTC levels. Our findings suggested that 
onion flavonoids decrease LDL andTC levels via effectively 
reducing the apoB level. 

In this study, the hyperlipidemia subcutaneous hetero- 
topic colorectal cancer orthotopic transplant model was 
established. This represents a model for the study of colo- 
rectal cancer and abnormal lipid metabolism simultane- 
ously, and it is valuable for the prevention and treatment of 
colorectal cancer. Onion flavonoids play a role in inhibit- 
ing colorectal cancer and decreasing hyperlipidemia. This 
provides a theoretical foundation for clinical prevention of 
colorectal cancer by onion and for the treatment and preven- 
tion of hyperlipidemia. 
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